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(54) Implantable drug infusion device 

(57) The present invention provides an implantable 
drug infusion device which features a reliable and leak 
proof weld joint. The implantable drug infusion device 
features a hermetic enclosure; a drug reservoir 2 posi- 
tioned within the hermetic enclosure, a drug handling 
component 3, the drug handling component joined with 
a top surface of a docking station, the drug reservoir 
joined with a bottom surface of the docking station 4 by 
a welded joint. The drug handling component typically 
being a MEMS-type device and fashioned from a sili- 
con-glass or silicon-silicon sandwich. The docking sta- 



FIG. 2 



tion functions to isolate the thermal stresses created 
during the formation of the welded joint from the other 
joints and particularly from the joint between top surface 
of the docking station and the drug handling compo- 
nent. The thermal isolation function of the docking sta- 
tion is provided through one or more grooves 35 within 
the docking station, the grooves functioning to separate, 
in a thermal manner, the top and bottom surfaces of the 
docking station. 
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Description 

[0001] The present invention relates to the field of 
implantable devices and more particularly to an implant- 
able drug infusion device having an improved weld joint s 
between various components of the device. 
[0002] Implantable drug infusion devices are used to 
provide patients with a constant and long term dosage 
or infusion of a drug or any other therapeutic agent 
Essentially such devices may be categorized as either 10 
active or passive. 

[0003] Active drug or programmable infusion devices 
feature a pump or a metering system to deliver the drug 
into the patient's system. An example of such an active 
drug infusion device currently available is the Medtronic is 
SynchroMed programmable pump. Such pumps typi- 
cally include a drug reservoir, a peristaltic pump to 
pump out the drug from the reservoir, and a catheter 
port to transport the pumped out drug from the reservoir 
via the pump to a patient's anatomy. Such devices also 20 
typically include a battery to power the pump as well as 
an electronic module to control the flow rate of the 
pump. The Medtronic SynchroMed pump further 
includes an antenna to permit the remote programming 
of the pump. 2s 
[0004] Passive drug infusion devices, in contrast, do 
not feature a pump, but rather rely upon a pressurized 
drug reservoir to deliver the drug. Thus such devices 
tend to be both smaller as well as cheaper as compared 
to active devices. An example of such a device includes 30 
the Medtronic IsoMed™. This device delivers the drug 
into the patient through the force provided by a pressu- 
rized reservoir applied across a flow control unit. 
[0005] Regardless of whether the device is an active 
or passive drug infusion device, any such devices 35 
present challenges to assemble, in a sufficiently her- 
metic manner while still using biocompatible materials. 
These difficulties are further magnified when such a 
device utilizes micro-electrical mechanical systems 
(MEMS). MEMS typically are extremely small, and fur- ao 
ther are constructed from a silicon-glass or silicon-sili- 
con sandwich. In particular, to date, the joining of 
different types of materials necessary for use of MEMS 
technology in an implantable infusion device has not 
been feasible using any other joining techniques other 4s 
than welding. In the extremely harsh and ceaselessly 
aggressive environment found in the body, epoxies and 
other glues, while permitting a mechanical joint to be 
reliably fashioned, have not permitted that same joint to 
be assembled in a satisfactorily leak-proof or water tight so 
manner. Over time, most joint seals using glues or epox- 
ies have been found to permit vapor or moisture to be 
passed through the joint. When dealing with implantable 
electrical devices, such vapor can have serious, if not 
catastrophic, consequences. Thus, to date, the use of 55 
welds is found to be the most effective method for join- 
ing similar as well as disparate materials together in 
order to assemble th implantable infusion device. 



[0006] Welding, however, is often difficult to implement 
when joining different or disparate materials together. 
Namely, thermal stresses often result through the heat- 
ing and the cooling of these materials, such stresses 
often having unintended or unacceptable conse- 
quences with regards to other areas of the device. With 
particular regards to drug infusion devices, it has been 
a problem to reliably join a drug reservoir to the other 
fluid handling components through welding. One area 
where this problem exists is the joining of the drugs res- 
ervoir to such a MEMS device. As mentioned above, 
MEMS typically are of a sandwich construction, and 
thus the direct welding of a component to them is not 
possible. Often, it has been necessary to use one or 
more intermediary layers to achieve a bond to the 
MEMS but which may, in turn later be welded to the drug 
reservoir, for example. During the weld process, how- 
ever, often the thermal stresses have caused the joint to 
be formed with one or more flaws, i.e. buckling (when 
welding thin membranes), de-lamination (when welding 
thin film), cracking (of glasses due to stresses intro- 
duced when welding). 

[0007] It is, thus, the object of the present invention to 
provide a drug infusion device which permits such a 
drug reservoir to be coupled to the fluid handling com- 
ponents through welding. 

[0008] According to one aspect, the present invention 
provides an implantable drug infusion device compris- 
ing a hermetic enclosure, a drug reservoir, positioned 
within the hermetic enclosure, a drug handling compo- 
nent, the drug component joined with the drug reservoir 
by a welded joint, and means for isolating the thermal 
stresses created during the formation of the welded joint 
used to join the drug reservoir and the drug handling 
component 

[0009] According to another aspect, there is provided 
a method for assembling an implantable drug infusion 
device comprising the steps of 

affixing a docking station to a substrate; and 
forming a welded joint between a drug reservoir to 
said docking station; wherein said docking station 
isolates the thermal stresses created during the for- 
mation of the welded joint 

[0010] The present invention thus provides an 
implantable drug infusion device which features a relia- 
ble and leak proof weld joint. The implantable drug infu- 
sion device features a hermetic enclosure; a drug 
reservoir positioned within the hermetic enclosure, a 
drug handling component, the drug handling compo- 
nent joined with a top surface of a docking station, the 
drug reservoir preferably joined with a bottom surface of 
the docking station by a welded joint The drug handling 
component is typically a MEMS-type device and fash- 
ioned from a silicon-glass r silicon-silicon sandwich. 
The docking station functions to isolate the thermal 
stresses created during the formation of the welded joint 
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from the other joints and particularly from the joint 
between top surface of the docking station and the drug 
handling component The thermal isolation function of 
the docking station may be provided through one or 
more grooves within the docking station, the grooves 5 
functioning to separate, in a thermal manner, the top 
and bottom surfaces of the docking station. 
[0011] Preferred embodiments of the invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings. 10 

FIG. 1 is a block diagram of an implantable drug 
infusion device and in particular of a passive sys- 
tem to deliver drugs and other therapeutic agents. 

is 

FIG. 2 is a sectional view of a drug infusion device 
according to the present invention. 

FIG. 3 is a sectional view of the docking structure of 
a device according to the present invention. 20 

FIG. 4 is a bottom view of the components shown in 
FIG. 3. 

FIGS. 5-8 show, in isolation, an alternative embodi- 25 
ment for a docking structure which may be used in 
the present invention. 

1 FIG. 9 depicts the method through which an 
implantable drug infusion device may be assem- 30 
bled according to the present invention. 

FIGS. 10 illustrates the steps used to join a sub- 
strate to a drug reservoir using the docking station. 

35 

FIG. 11 shows, in isolation, an alternative embodi- 
ment for a docking structure which may be used in 
the present invention. 

FIG. 12 is a sectional view of a further alternative 40 
embodiment of a drug infusion device according to 
the present invention. 

FIG. 13 shows, in isolation, an alternative embodi- 
ment for a docking structure which may be used in 45 
the present invention. 

FIG. 1 4 is a block diagram of an alternative embod- 
iment in which the present invention may be prac- 
ticed, so 

FIG. 15 shows, in isolation, an alternative embodi- 
ment for a docking structure which may be used in 
the present invention. 

ss 

FIG. 16 shows, in isolation, an alternative embodi- 
ment for a docking structure which may be used in 
the present invention. 



[001 2] The FIGS, are not necessarily to scale. 
[0013] As discussed above the present invention 
relates to the ability to weld together biocompatible 
materials and create a reliable and leak proof joint. The 
present invention is directed especially to the problem of 
creating such a leak-proof joint while interfacing with a 
MEMS-type component within an implantable drug infu- 
sion device. As discussed in more detail below the 
present invention preferably creates such a leak proof 
joint through the use of a docking station capable of 
being attached to both a MEMS-type component while 
further being able to be welded to another component. 
The docking station is designed so as to handle, without 
passing through to other joints, the thermal stress cre- 
ated during the weld process. This unique design for the 
docking station thus provides for a drug infusion device 
which permits at least two of the components (where at 
least one is a MEMS-type component) to be joined in a 
sealed and hermetic fashion by welding. 
[0014] FIG. 1 generally illustrates an implantable drug 
infusion device and in particular is a block diagram of a 
passive system to deliver drugs and other therapeutic 
agents. As seen, such a system 1 comprises a reservoir 
2, fluid handling device, depicted here as flow regulator 
3 and outlet catheter 400. The reservoir is a pressuriza- 
ble reservoir to hold drugs and other therapeutic agents. 
Reservoir 2 may be of a standard design, such as that 
used in the above mentioned Medtronic IsoMed™ 
implantable drug infusion system. Flow regulator 3 is 
coupled to the reservoir and the outlet catheter. Row 
regulator 3 controls the flow of material which may be 
transmitted from the reservoir to the outlet catheter and 
in particular permits the flow rate to be independent of 
reservoir pressure within a given pressure range. The 
system may be refilled through injection port 500 
through the use of a needle 600 as is well known. Sur- 
rounding all components of the implantable pump other 
than the outlet catheter is a hermetic closure 130 as is 
well known in the art Preferably this hermetic enclosure 
is fashioned by matching titanium can halves which are 
welded together so as to seal in a hermetic manner the 
enclosure in the can from the exterior. While this illustra- 
tion depicts one type of drug infusion device within 
which the present invention may be practiced, it may 
also be practiced in other types of drug infusion devices, 
such as active devices which feature a pump, as well as 
in any other type of implantable device which requires 
the ability to weld together materials and create a relia- 
ble and leak proof joint. Such devices may include, for 
example, medical electrical stimulators. 
[0015] FIG. 2 is a sectional view of a drug infusion 
device according to the present invention. In particular, 
FIG. 2 depicts a drug reservoir 2 coupled to a fluid han- 
dling component 3 through a docking structure 4. Dock- 
ing structure 4 is necessary because of the materials 
used in component 3. Namely, compon nt 3 is struc- 
tured so as to be biocompatible and further to minimize 
the interaction of any fluid or drug infused from the res- 
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ervoir into the body, i.e. it is structured using materials 
that are highly inert as compared to materials that are 
interactive. The fluid handling component 3 depicted 
has a flow restrictor in between two pressure sensors, 
that form a flow sensor system in total, although the s 
present invention may be used with many other types of 
fluid handling components. The flow restrictor is merely 
shown in the present invention to illustrate the drug infu- 
sion device component with which the present invention 
may be used. As seen, fluid handling component 3 is a w 
multi-layer assembly of base substrate 5, middle sub- 
strate 6 and top substrate 7. Base and top substrates 
are preferably of glass or silicon while middle substrate 
is preferably made of silicon. Base substrate features an 
inlet 10 and an outlet 11. Inlet and outlet are in fluid 15 
communication via a tortuous path defined between 
channel 1 2 in middle substrate and the upper surface of 
base substrate. In the present example tortuous path is 
further illustrated by arrow 13. Cavity 20 is provided 
over the inlet while cavity 21 is provided over the outlet. 20 
Middle substrate is fashioned so as to deflect through 
the presence of pressure at inlet, such deflection result- 
ing in a capacitive change across cavity 20. Presence of 
pressure at the outlet causes deflection resulting in a 
capacitive change across cavity 21 . The flow restrictor 25 
induces a pressure drop proportional to the flow across 
the flow restrictor. Following the general equation: 

t Ap= fl*Q 

.30 

where R = Flow Resistance [(Pa*s)/m 3 ], Ap ■ Pressure 

Drop [Pa], Q = Flow [m 3 /s] 

and: 

fl = (128VL)/(7c*D 4 ) 35 

where R = Row Resistance [(Pa*s)/m 3 J, \i ■ 10* 3 
[kg/(m*s)], L = Channel Length, 
D = Channel Diameter. 

40 

For the specific geometry of this semicircular Channel 
design this equation is then: 

R = (13.443VL)/r 4 

45 

with: 

R o Flow Resistance [(Pa'sJ/m 3 ], ji = 10" 3 
[kg/(m*s)] > L = Channel Length, 
r = radius of semicircle. In such a manner the pres- so 
sure drop between inlet and outlet may be meas- 
ured and through this the fluid flow rate may be 
determined, as is well known in the art. The partic- 
ular details of the fluid handling component as 
described above, is merely to illustrate one combi- 55 
nation with which the method and device of the 
present invention may be used. 



[001 6] FIG. 3 is a sectional view of a docking structure 
for use in the present invention. As seen, base 5 is cou- 
pled to docking structure 30 through first layer 31 and 
second layer 32. These layers may be applied to the 
base by sputtering, evaporating, plating or by using a 
pre-formed layer for the layer 32. As described above, 
base substrate is preferably glass while, in this embodi- 
ment, first layer 31 is titanium, second preferably pre- 
formed layer 32 is gold and docking structure 30 is tita- 
nium. Of course, the particular materials used depend 
upon each of the other materials which are selected. It 
is preferred, however, that both the first layer and the 
clocking structure be of the same material so that any 
thermal stress induced by one of the structures will, by 
some degree, be compensated by a similar thermal 
stress in the opposite structure. The method of attach- 
ing the first pre-formed layer, second pre-formed layer 
and docking structure are all disclosed further with 
regards to FIG. 9. As seen in this view, docking struc- 
ture 30 features a first planar surface 33 and a second 
planar surface 34 to which a subsequent component, 
such as a drug reservoir, may be welded. As seen, one 
of the essential features of the docking structure is a 
physical separation via e. g. a groove or slot located 
preferably midway between first surface 33 and second 
surface 34. As discussed above, this groove or slot 35 
permits the thermal stresses which are induced during 
the welding of second surface 34 to a component to be 
isolated from the join formed between first surface 33 
and second pre-formed layer 32. Although the groove is 
located preferably midway between the surfaces of the 
docking structure, the groove may also be located in 
other locations, such as closer to either of the planar 
surfaces. 

[0017] FIG. 4 is a bottom view of the components 
shown in FIG. 3. As seen in this view, first layer 31 . sec- 
ond pre-formed layer 32, docking structure 30 as well as 
inlet 10 are all circular in shape. Of course, other 
shapes may also be used and still be within the scope of 
the present invention, such as shapes including square, 
elliptical, irregular or any other shapes. 
[0018] FIG. 5 shows, in isolation, an alternative 
embodiment for a docking structure which may be used 
in the present invention. In this embodiment, docking 
structure 30 features a square groove 40. 
[0019] FIG. 6 shows, in isolation, an alternative 
embodiment for a docking structure which may be used 
in the present invention. In this embodiment, docking 
structure 30 features a V-groove 41 . 
[0020] FIG. 7 shows, in isolation, an alternative 
embodiment for a docking structure which may be used 
in the present invention. In this embodiment, clocking 
structure 30 features a spoon groove 42. 
[0021] FIG. 8 shows, in isolation, an alternative 
embodiment for a docking structure which may be used 
in the present invention. In this embodiment, docking 
structure 30 features a club groove 43. 
[0022] FIG. 9 depicts the method through which an 
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implantable drug infusion device may be assembled 
according to the present invention. As seen in the first 
step the substrate to which the docking station is to be 
mounted has its surface 50 prepared. 
Next one or more bonding strips are bonded to the sur- 
face. As explained in more detail below the bonding 
strips assist in the joining of the docking station to the 
substrate. Once bonding strips are bonded to the sub- 
strate the docking station is affixed to a bonding strip, 
and thus to the substrate. Finally, the drug reservoir is 
welded to the docking station. Of course, the exact 
steps utilized, depend, to a great deal, upon the materi- 
als involved. It should be contemplated that one or more 
of these steps may be skipped, if possible. 
[0023] FIGS. 10 illustrates the steps used to join a 
substrate to a drug reservoir using the docking station. 
As seen, in FIG. 10A a first bonding pad 50 is affixed to 
the substrate surface by evaporation. Fixation may be 
accomplished using standard CVD or LPCVD (chemical 
vapor deposition) techniques. Next as seen, in FIG. 
10B, a second bonding pad is affixed to surface of the 
first bonding pad preferably using Standard Gold Elec- 
troplating or Standard Gold Sputtering techniques. 
Sputtering is performed in an Argon atmosphere at 2.5 
to 12.5 Pa pressure and around 400eV activation 
energy. Next as seen, in FIG. 10C the docking station is 
affixed to the second bonding pad by brazing (at tem- 
< peratures between 500 and 700C at ambient pres- 
: sures). Finally as seen, in FIG. 10D, a drug reservoir is 
affixed to the docking station by a standard laser weld- 
1 ing technique. In the preferred embodiment the sub- 
strate is made of Pyrex glass, the first bonding pad is 
made of titanium, the second bonding pad is made of 
gold, the docking station is made of titanium; and the 
drug reservoir is made of titanium. Of course each of 
the components may be fashioned from any other 
acceptable and suitable materials, including those 
requiring different affixation techniques. For example a 
first bonding pad could also be made using tantalum 
and affixed to the substrate through gold while the sec- 
ond bonding pad could also be made using tantalum 
and affixed to the first bonding pad using gold The dock- 
ing station could also be made of tantalum affixed to the 
second bonding pad using gold. 
[0024] FIG. 11 shows, in isolation, an alternative 
embodiment for a docking structure which may be used 
in the present invention. In this embodiment docking 
structure 30 features an additional alignment groove 47. 
As seen, the alignment groove permits the drug reser- 
voir (or whatever other component is to be mated into 
docking structure) to be easily and precisely positioned. 
[0025] FIG. 12 is a sectional view of a further alterna- 
tive embodiment of a drug infusion device according to 
the present invention. As seen, this embodiment is sub- 
stantially similar to that shown in FIG. 2 but for the addi- 
tional provision of one or more electrical feed-throughs 
90. As seen, a feed-through is fashioned through a 
tungsten wire 96 via a gold ball bump 98 which serves 



as ne side of the connection while a second gold ball 
bump 97 is on the other side of the connection. As seen, 
gold ball bump 97 may further feature a wire bond to 
provide ready electrical connection. Preferably the 
5 bonding process of the top substrate and middle sub- 
strate will occur via a hermetic epoxy sealing process at 
a temperature at which the two gold ball bumps will 
bond together. 

[0026] FIG. 13 shows, in isolation, an alternative 
10 embodiment for a docking structure which may be used 
in the present invention. In this embodiment, docking 
structure 30 features a groove 48 positioned at the top 
surface such that the docking station has less surface 
area along its top surface to bond to the substrate than 
15 compared to if the groove was located within the dock- 
ing station. 

[0027] FIG. 14 is a block diagram of an alternative 
embodiment in which the present invention may be 
practiced. This FIG. particularly shows an active pump 

20 drug infusion device. As seen, such a system 1000 
comprises a reservoir 2, flow regulator/flow sensor 
7000, electronic controls 100, battery 111, telemetry 
assembly 120 and outlet catheter 400. Flow regula- 
tor/flow sensor is coupled to the reservoir across safety 

25 valve 160 and further coupled to the outlet catheter 
across pump 170. Flow regulator/flow sensor regulates 
the flow of material which may be transmitted from the 
reservoir to the outlet catheter by pump in a manner 
already described above, i.e. it regulates flow such that 

30 flow rate is independent of reservoir pressure within a 
given pressure range. Moreover, in this embodiment, 
the flow regulator also functions as a flow sensor to per- 
mit the flow rate to be sensed such that the device can 
track how much drug is delivered. Further, this compo- 

35 nent also permits the device to test itself so as to check 
and monitor the actual flow rata As already described 
above, the system may be ref flled through injection port 
500 through the use of a needle 600 as is well known. 
Surrounding all components of the implantable pump 

40 other than the outlet catheter is a hermetic closure 130 
as is well known in the art. Electronic controls 100, bat- 
tery 111, telemetry assembly 120 and pump 170 are all 
constructed in any manner well known in the art Elec- 
tronic controls are powered by battery and may receive 

45 remote operation instructions via telemetry assembly, 
as is well known in the art The safety valve is preferably 
of a design as shown in the co-pending application of 
Haller et a "Implantable Infusion Device Having Safety 
Valve" (P-7356). 

so [0028] FIG. 15 shows, in isolation, an alternative 
embodiment for a docking structure which may be used 
in the present invention. As seen, this embodiment is 
substantially similar to that already shown in FIG. 11, 
but for the fact that the groove is filled in with a material 

55 49 which will assist with isolation of thermal stresses 
created at the bottom surface of the docking station 30. 
The material, preferably is a ceramic, although other 
materials may also be used. 
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[0029] FIG. 16 shows, in isolation, an alternative 
embodiment for a docking structure which may be used 
in the present invention. As seen, this embodiment is 
substantially similar to that already shown in FIG. 15, 
but for the fact that the groove which is filled in with a 
material 49 which will assist with the thermal isolation of 
the bottom surface of the docking station 30 is non-sym- 
metrical in shape. Namely this groove is fashioned so as 
to have an overhang 44. Material 49 may be a ceramic 
or any other suitable and acceptable material which will 
assist in the thermal isolation of bottom surface and the 
weld join from the top surface. Although this embodi- 
ment is shown with its groove filled in with a material, it 
should be understood the overhang type groove may 
also be practiced without being filled in with additional 
material. 

Claims 

1 . An implantable drug infusion device comprising: 

a hermetic enclosure; 

a drug reservoir (2) positioned within the her- 
metic enclosure, 

a drug handling component (3), the drug han- 
dling component joined with the drug reservoir 
by a welded joint ; and 

means (4) for isolating the thermal stresses 
created during the formation of the welded joint 
used to join the drug reservoir (2) and the drug 
handling component (3). 

2. The implantable drug infusion device of claim 1 
wherein the means for isolating the thermal 
stresses created during the formation of the welded 
joint comprises a docking station means (4). 

3. The implantable drug infusion device of claim 2 the 
docking station means having a groove (35). 

4. The implantable drug infusion device of claim 2 or 
3, the docking station further having means for 
aligning the drug reservoir with the docking station. 

5. The implantable drug infusion device of claim 4 
wherein the means for aligning the drug reservoir 
with the docking station comprise a groove. 

6. An implantable device comprising: 

a hermetic enclosure; 

a first member positioned within the hermetic 
enclosure; 

a second member positioned within the her- 
metic enclosure, the second member having a 
top planar surface and a bottom planar surface, 
the first member joined to the top planar sur- 
face of the second member; and 



a third member positioned within the hermetic 
enclosure, the third member joined to the bot- 
tom planar surface of the second member by a 
weld joint, the second member having means 
s for isolating the thermal stresses created dur- 

ing the formation of the weld joint away from 
the top planar surface. 

7. The implantable drug infusion device of claim 6 
10 wherein means for isolating the thermal stresses 

created during the formation of the weld joint away 
from the top planar surface comprises a groove. 

8. The implantable drug infusion device of claim 7 
is wherein the groove is within the second member 

between the top planar surface and the bottom pla- 
nar surface. 

9. The implantable drug infusion device of claim 7 
20 wherein the groove is within the second member 

equally between the top planar surface and the bot- 
tom planar surface. 

10. The implantable drug infusion device of any of 
25 claims 3, 7, 8, or 9 wherein the groove is rectangu- 
lar. 

11. The implantable drug infusion device of any of 
claims 3, 7, 8 or 9 wherein the groove is spoon 

30 shaped. 

12. The implantable drug infusion device of any of 
claims 3, 7, 8 or 9 wherein the groove is club- 
shaped. 

35 

13. The implantable drug infusion device of any of 
claims 3, 7, 8 or 9 wherein the groove is a V-groove. 

14. The implantable drug infusion device of claim 6 or 
40 any claim dependant thereon, the second member 

further having means for aligning the third member 
with the second member. 

IS The implantable drug infusion device of claim 14 
45 wherein the means for aligning the third member 
with the second member comprise a groove. 

16. The implantable drug infusion device of claim 15 
wherein the groove is located in the bottom surface 

so of the second member. 

17. A method for assembling an implantable drug infu- 
sion device comprising the steps of 

55 affixing a docking station to a substrate; and 

forming a welded joint between a drug reser- 
voir to said docking station; wherein said dock- 
ing station isolates the thermal stresses 
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created during the formation of the welded 
joint. 

18. The method of claim 18 further comprising the 
steps of 5 

preparing the surface of the substrate to which 
the docking station is to be affixed; 
bonding one or more bonding strips to the pre- 
pared surface; and w 
affixing the docking station to one of said bond- 
ing strips. 
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